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SPREA0 SPECTRUM COMMUTOCAITON includes a pilot channel receive unit 34, and a traffic channel 

TRANSMITTER AND RECEIVER, AND receive unit 35. The pilot channel receive unit 34 includes a 

CDMA MOBILE COMMUNICATION despreader 8, a path detector 11 and a hand-over controller 

SYSTEM AND METHOD 19. The traffic channel receive unit 35 includes despreaders 

BACKGROUND nv tup iMVPMnnM 5 J*"" 1 1 Ri V CE combiner U > information demodulator 

BACKGROUND OF THE INVENTION 13, and a level measuring unit 14 for controlling a transmit 

1. Field of the Invention power. 

The present invention relates to a CDMA (Code Division ^ e des Preader 8 performs a despreading process on the 

Multiple Access) mobile communication system and method received signal by using the spreading code for the pilot 

using a spread spectrum communication system. Further, the l° CDanneI - ™ ^readers 9 and 10 perform a despreading 

present invention is concerned with a spread spectrum PJJ** 88 ° n «f received signal by using the spreading code 

communication transmitter and receiver used fo/such a S !? ♦ shoWn in FIG ' 2 at transmitter. 

CDMA mobile communication system. path dejector 11 detects multiple paths from the pilot 

2 Description of the UrUtrA Art slgnaL ^ hand -<> ve r controller 19 performs a hand-over 

noTK M^fi^lTt* u * w *~ • is * ^8 tl» results of the multipath detection 

u Ji « a StaU °° transimtter obtained by the path detector 11. The outpm signal of the 

used in a CDMA mobile commumcation system using a path detector U is also used as a timing signal used for the 

'SSSIS T'f S ^^^S m i Cat j° n SyStCm * despreading process carried out byXdespreaders 9 and 10. 

22?™ ^ ^itT 1 ^ m thC K/95 " a I Sl ? ndard ^ RAKE «*>biner ^ performs a RAKE process on me 

system in the U S TelecommumcaUons Industry despread signals from the despreaders 9 and 10. The infor- 



wj i TZ v 7 . — y ucmoumaior u aemoauiates tne output signal of the 

™ M 2 ; a "?* d "8 ,M ? °* a mob,le sU,t,on receiver » RAKE combiner 12 to thereby generate the original infor- 

O^mobaecommmcahon system. madon. The level measuring 'unit 14 perfoZ\ level 

me transmitter shown in FIG. 1 can simultaneously measuring operation for controlling the transmit power 

communicate with n mobile stations where n is an integer. FIG. 4 shows a cell structure of the CDMA mobile 
"IS' « tranSm " le i £ dud< L S ^ chann f 1 communication system having the above transmitter and 

o™!.^^' '. " ' , ? " Wh ' Ch J re T Ctl ?. y receivcr " « illustrated first, second, third and fourth 

£ZHLV£ £ SSlfT* • ' "V* m °« C base stations 21 > 22 > 23 2*. ^ch cover service areas 

stations. Bach of the traffic channel transmit units 31, (cells) 26, 27, 28 and 29, respectively. All the base stations 

through 31 includes an information modulator 2 and a x 21 through 24 have transmitters as shown in FIG. 1° A 

SS, m 1 I' f '^Z ^^""^ator 2 30 reference number 25 indicates a mobile receiver (station) 

4 hv a R^-^v .f ^ ^ ^S.™, 8 ^ havin e "» stroctwc sh °™> * KG. 2. The mobile station 25 

. • an0th ?. r " odu i atoon m « thoA ™ c is located within the cell 26 covered by the base station 21, 

modulated transmit data is applied to the spread spectrum and can communicate with the base station 21 

modulator 5. The spread spectrum modulators 5 of the traffic „ mn « ;„ „ ».•„,;„ i ,„*._• • . " , t , 

channel transmit units 31, through 31. generate respective 35 sta « °1 2, Si J? * ^ 

spreading codes (PN codes). The spread spectrum modulator fa tS^SS&^SST^ the pdot signal. 

5 of each traffic channel spread the specWo?Se modu- fntmtn^U^l ^mumcation ^tern, 

lated transmit data from the information modulator 2. tL^FtXZ? "T^w ^ ploythe "?» 

~ , ... . . " " . * . mg code for spreadmg the pilot data. The period of the 

itRS %, Sh °T, m ' 1 a" ■ ? fl0t u ha r el « S P readin 8 «* to spread the pilot data * sufficiently 

traromtunit 30. The mobile receivers chscnmmate the base longer than one symbol time of information (data). As 

stations from each other by referring to the pilot channel. shown in FIG. 5, the base stations 21 through 24 transmit the 

The pilot channel ttansmit unit 30 includes a pilot data same spreading code for the pilot channel with respective 

generator 1. an information modulator 2 and a spread inherent offset times equal to a time f . That is, the starting 

sp^trum modulator 3. The informahon modulator 2 modu- 4J points of the spreading codes used in the base stations 21 

lates pilot data generated by the pilot data generator 1 by the through 25 are offeetby the time t' 

BPSK, QPSK or another modulation method. The spread tw mnh;i» cotton •>< oll • CT „ . ., . 

spectrum modulator 3 spreads the spectrum of the n?odu- ^^^S£S^!S^2^ 

f T el | , and ft'™ 1 f r u eadm 8 codes 50 station 25 has the strongest level The despreader 8 of the 

Tn hf ^5^5 . Tl k P jl 0t S1 ^ ,al k th ? s 8 enM ? ted Pilot channel receive unU34 shown in FKK 2 performs he 

S^SSStSlw lch c«> be known m the base stauons despreading process on the received signal by usW the 

and the mobile receivers. For example data cor^stmg of „ spreading code as used in the transmitter 

only bmary ones or binary zeros can be used as the pilot n £ 6A Zws a correlation betweenTe spreading code 

Th* rt „f«»* i. » <« u , _ 55 for the pilot channel and the pilot signal transmitted by the 

tfaSSTTS^ basc station 21 md receiv ^ b y S mobile station 25. 

through 31„ and the pilot channel transmit unit 30 are similariv FIGS <5R i»r «nri Kn cl, rtW ^i.,^ n Z^i ?u 

combined so that the pflot channel and the traffic channels JSSStSSLSiS ^ to £^S23mKSS 

Then^oS^r^ m f " band « d ^ d ^ the mobile .JEWESS ^fthrough 
Utenna combmed radio signal is transmitted via an 60 2 04 respectively shown in FIGS. 6A through 6D indicate 
mr \ i .• i h .... „. nmin 8 synchronization points in the pilot channels of the 
FIG 3 shows a relation between the pilot and traffic base stations 21 through 24. Variations in the waveforms 
channels with respect to time. As shown m FIG. 3, the pilot other than the peaks 201 through 204 shown in FIGS 6A 
signal is always transmitted without any interval. In this through 6D result from a self-correlation of the spreading 
regard, the pilot signal is a continuous signal. ss code for the pilot channel. These variations in the wave- 
Referring to FIG. 2, the mobile receiver used in the forms are noise components for the mobile station 25 
conventional CDMA mobile communication system (receiver). 



US 6,381,233 Bl 
3 4 

The mobile station 25 shown in FlG 4 rec*»iwc m« . , L 

signals of ^ pilot channels transmitted by the basl Ttionl staSnsTtr™.^ ****** by the base 

21 through 24 in such a state that the signals aresu^riT ™S-^f Jt*. ■ f"™ 48 interference signals with 

posed. Hence, the output signal of ^ dSeaAr 8 ofT«" k "V' 8 ^ ° f "J* Uaffic channel P*>«2ed by the 

pflot channel receive Zit Ml has a formation if wJicfSe s TT%T ^ ° f sUtion 25. Tb« 

four waveforms shown in FIGS. «A through 6D £e ^ Sto^hZ^ ^A"*" 1,16 of ,he 

toposed. It should be noted that the corXons *£Sfa £ fwmST ^Sf"^.^^ base stations 22 through 24 

FIOS. 6A through 6D are not affected bv multinath S ^ ^ which the mobile station 25 does not belong, and thus 

Rayleigh fading nnitopnh fadm 8 or ahvays receives interference by the base stations 22 through 

peak in the superimposed correlation waveform). In the case 

°5 ^ t 4 ' ^ mobiIe statioD 25 * locate d within the ceU 26 SUMMARY OF THE INVENTION 

of the base station 21. Hence, the propagation distance u * • ■ » 

between the base station 21 and the mobile station 25 is 15 , k ^ a Sen e ral object of the present invention to eliminate 

shorter than the propagation distances from the base station^ ** A *°". 1 

22, 23 and 24. Hence, the path between the base station 21 _A specific object of the present invention is to provide a 

and the mobile station 25 has the smallest propagation loss. ^ansmitter md a CDMA receiver which can realize 

Hence, the greatest peak in the despread received signal * mobile communication system in which an inter- 

output by the despreader 8 corresponds to the correlation 20 f f re . nce ?? 1 ?8 naJs transmitted via pilot channels by base 

peak 201 of the pilot channel of the base station 21 havinji stations 15 eliminated and an increased channel capacity and 

the cell 26 in which the mobile station 25 is located. an un P roved SIN ratio can be obtained. 

Since the pilot signals transmitted by the base stations 21 ^!^? Cr of P^se* 1 invention is to provide such 

through 24 have respective inherent time ofl&ets. Hence by a T? mobile communication system and a CDMA 

detecting the greatest peak of the superimposed correlation 25 m communication method employed in the system, 

waveform it is possible for the mobile station 25 to dis- The above objects of the present invention are achieved 

SI^ m K L SUti u ° 21 ^ othcr base stations 2 2 by a traDSmittcr * a CDMA mobile communication 

"n™^24anddete^ system comprising: a pilot channel transmit unit which 

F« dc ^ ctor f n mforms the despreaders 9 and 10 of the mtermittently transmits a pflot signal in a spread spectrum 

traffic channel receive unit 35 of the timing of the greatest 30 Nation; and traffic channel transmit units which ranee- 

pea * 201 ' * vel y ^»smit data signals in respective traffic channel 

Hie despreaders 9 and 10 perform the despreading pro- The transmitter may be configured so that the Dilot 

cesses on the received signal of the allocated traffic channel channel transmit unit comprises: a pilot data venerator 

at the timing informed by the path detector 11. The RAKE which generates pilot data; a first modulator which modu- 

combiner 12 performs a RAKE combination process (path 35 lates P*kt data; a second modulator which spreads a 

diversity combination) on the output signals of the despread- spectrum of modulated pilot data from the first modulator to 

ers 9 and 10 by using information concerning the pilot hereby generate the pilot signal; and a timing generator 

channel supplied from the path detector 11. The above wmch generates a timing signal applied to at least one of the 

information includes information concerning the timing, ^ data generator and the first and second modulators so 

amplitude (receive power level) and phase of the pilot 40 me P flot si gn*l can be intermittently transmitted 

£ mformation demodulator 13 demodulates the The transmitter may be configured so that the pilot sienal 

onS^f ° f ?° ^ °° mbiner to P">duce the has a period shorter than an interval at which Z pOo S 

onginal information (data). is intermittendy transmitted. P m 

r? C / C Xf 1 "^"nng 14 measures the received signal AK The above objects of the present invention am 

c^bi^ ChaQ ? el 67 ° UtpUt ° f *SS achieved by a receiver used in l^J^^^ 

combiner 12, and controls the transmission power of the cation system comprising: a pilot channel receive unit which 

Zut «T ^ ^ ^% tCd a transmit P art of *>* demodulates pilot signals respectively traScd^tc^S 

S££ m FIG. 2 is omitted for sake of tently in a spread spectrum ^ation^^mit~ d 

~' . n 50 f^^^P^tsigi^^ 

Jne hand-over controller 19 performs a control by using demodulation; and a traffic channel receive unit which 

the output signal of the path detector 11 so that the mobile demodulates data at the timing detected by the pilot channel 

station 25 is handed over to the area of the base station which receive unit. v 

Sttn P m Signal rCCeiVed 88 grCateSt Peak at ^ reCe 5 VCr may 1X5 eortgurcd so that the pilot channel 

H«L 1 • , 55 ^ ecc ^ e 1 umt detecte timing for the traffic channel 

However, the conventional CDMA mobile communica- demodulation by comparing peaks of the pilot signals inter- 

tion system thus configured has a disadvantage in that a good mittontty transmitted, the timing for the traffic channel 

6/N ratio cannot be obtained at the time of receiving the pilot demodulation corresponding to a greatest one of the peaks 

signals from the base stations due to the fact that all the base The receiver may be configured so that it further com * 

£S^w T* 10 thc P * 0t Sign ^ ^ mobilc ^0 pri5CS ^ ^ a ting which estimates states of paSs 

1ST 25 shown receives the pilot signal from the base &om the pilot signals intermittently transmitted P 

station 21. Hence, the pflot channel receive unit 34 does not The above nh Wf* «f ^ aemoau *a en. 
have a goon S/N ratio a X° vc objects of the present mvention are also 

achieved by a CDMA mobile communication system com- 
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prising transmitters and receivers; each of the transmitters FIG. 5 is a diagram showing transmissions of pilot signals 
comprising: a pilot channel transmit unit which intermit- in the cells in the conventional system- 

do^^S VSZJfc* ^ sp !* ad ^ ttam f 0 .™?- FIGS. 6A, SB, 6C and «D are waveform diagrams show- 

Hon; and traffic channel transmit units which respectively ^r^iei.Am. ^u#„;«-^ j ,T ^"b 1 *"^ . u 7 

transmit data signals in respective traffic channelsSlne 5 ^SonaTststenT d <*P™ding process in the 

receivers comprises: a pilot channel receive unit which tnn Uc.iI^j. r 

demodulates pilot signals respectively transmitted intermit- • ?' \ 15 a * a gramtf a spread spectrum commu- 

tently in the Spread s^ctnimformation by the transmit « a CT ^ mobilc communication 

and detects, from thepilot signals, a. timing forTS V**^ aocordui S to a embodiment of the present 

channel demodulation; and a traffic channel receive unit 10 m ^l° . 

which demodulates daU at the timing detected by the pilot . 18 a ma 8 ram lowing transmissions in a pilot 

channel receive unit channel and traffic channels in the system according to the 

The CDMA mobile communication system may be con- ^embodiment of the present invention; 

figured so that the transmitters intermittently transmit the . „' . a cUa S ram showing transmissions of pilot signals 

pilot signals with time ofl&ets. is m m system according to the first embodiment of 

The CDMA mobile communication system may be con- ^J^* f™** 0 ? 
figured so that the transmitters intermittently transmit the . 1 w a block of a spread spectrum corn- 
pilot signals with the time ofl&ets so that the pilot signals are munication receiver used in the system according to the first 
serially transmitted one by one. w embodiment of the present invention; 

The CDMA mobile communication system may be con- 20 FIGS * nB > nC » UD and 11E m waveform dia- 

figured so that the transmitters intermittenUy transmit the grams showiD g correlations obtained after a despreading 

pilot signals with the time ofl&els so thatonly one of thepilot P 100 ** m the system according to the first embodiment of 

signals is transmitted at any time: ' me present invention; 

The CDMA mobile communication system may be con- FIG ' 12 ^ a flowchart 9 f an operation of the spread 
figured so that the transmitters mtertnittently transmit the 25 spectmm communication receiver shown in FIG. 10; 
pilot signals with the time offsets so that a time period is ^ ^ a block diagram of a spread spectrum corn- 
provided during which none of the pilot signals are trans- munication transmitter according to a second embodiment of 
mitted. the present invention; 

The above objects of the present invention are also 30 FIG * 14 * a Wock diagram of a propagation path state 

achieved by a CDMA mobile communication method com- estimating unit shown in FIG. 13; 

prising the steps of* a) transmitting, on transmit sides, pilot FIGS. 15A, 15B and 15C are diagrams of despread output 

signals ^in a spread spectrum formation; b) demodulating, on signals; and 

a receive side, the pilot signals respectively transmitted FIG. 16 is a diagram showing an operation of the propa- 

intermittently; and c) detecting, on the receive side, from the 35 gation path State estimating unit shown in FIG. 14. 
pilot signals, a timing for a traffic channel demodulation. 

The CDMA mobile communication method may be con- DETAILED DESCRIPTION 

figured so that the step a) comprises the step of intermittently FIG. 7 is a block diagram of a spread spectrum commu- 

transmitting the pilot signals with time offsets. nication transmitter used in a CDMA mobile communication 

The CDMA mobile communication method may be con- 40 system according to a first embodiment of the present 

figured so that the step a) intermittently transmits the pilot invention. In FIG. 7, parts that are the same as those shown 

signals with the time offsets so that the pilot signals are m the previously described figures are given the same 

serially transmitted one by one. reference numbers. 

The CDMA mobile communication method may be con- The transmitter shown in FIG. 7 includes a pilot channel 

figured so that the step a) intermittently transmit the pilot 45 transmit unit 40, and n traffic channel transmit units 41 l9 

signals with the time offsets so that only one of the pilot • • - » and 41^, which communicate with the first, 

signals is transmitted at any time. second, . . . , and nth mobile stations. The pilot channel 

The CDMA mobile communication method may be con- transmit unit 40 includes a pilot transmission timing gen- 
figured so that the step a) intermittenUy transmits the pilot erator J° m addition to me aforementioned pilot data gen- 
signals with the time offsets so that a time period is provided 50 ?* ator J* 1 ? ^formation modulator 2 and the spread spec- 
during which none of the pilot signals are transmitted. t ™ n modulator 3. The pilot transmission timing generator 

50 generates a pilot transmission timing signal, which is 

BRIEF DESCRIPTION OF THE DRAWINGS applied to the pilot data generator 1, the information modu- 

Other objects, features and advantages of the present Jf tor \ ^ ad Spcctnim ™°* dator 3. In this regard, 

invention will become apparent from the following detailed 55 ^Tj^Z *° Sh ° Wn " Wa 7 

description when read in conjunction with the accompany- ™ ™ nG ' 1 

ing drawings, in which: ^ P flot transmission timing signal controls the pilot data 

FIG. 1 is a block diagram of a spread spectrum commu- ^ J^u^T^L^^ 2 -*? 

££2ESS* -——«»«»— - SgpSSttXttSSiiSSZ 

niit 2 ^^ L^S^^S^S 1 ^ ^^^^ ^ ^ ^ 

communication system; ° f C fraffic . channcl ^mit units 

» • J t . 41 i through 41 n nas an error correction encoder 51 and an 

FIG 3 is a ^agram showing transmissions m a pilot 65 interleave unit 52 in addition to the information modulator 

channel and traffic channels m the conventional system; 2 and the spread spectrum modulator 5. The transmit data 4 

FIG. 4 is a diagram of a cell arrangement; is subjected to an error correction encoding process by the 
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^^^^^i^^StS JSnS Jt «*» P** channel .uceivn unit 44 

^wTZL.jlf^?^ to . t ^ e "Pe^trum spreading process « aecnons -A, B, C and D shown in FKJ. w£wMdT™JZ 

«^^K? 1 , m0dl i lat0r 5 116 5 Srt*?*" between £Sii22aSS" 

generated by (he pilot channel transmit unil 40 and thiTi^mX 23 and 24 shown in FIO 4 t»i. -I* ZL-T^S? » 

Si^^w 8 fi>* «»e Pilot channel is cornpletedin n«tpilot signal trans^S^?£?f^ to . estu °*> 

J^™d during which the pilot signal is transnXlTte peak 201 tanStteo^?K£ SkS^ r° ^T 8 ° f 
Saf,^^5!!f to ?_ 00de ** me P** ch3SX)rS timing signal can he^nZS^ 2LIntnis manDer ' 

crater 50. During the inte^betoeen^™^^! " h to the timing signal based 

signals, on^trafl^ cS^^^^f 01 bJ^W^^^ 

q0n0t SZFL* d f D, ^ r ^ avm « operation on the dem<*rulated 

, . simultaneously transmit the resoec- S1 8nalr«>m the information demodulator 13, The «mr 

trvepflot signals. ma tne respec- ^ corrector, decoder 67 performs an error corrector ,n2 

J^nS? ^ H< ?- 9 ' sections ^ provided in ST PTOCeSS °° ^ ^ of deinterlcave 
winch none of the base stations transmit the respective nflot. ™ 

signals When ore sections TS are set longer fcanthe delay! 12 * a flowchart of an operation of the spread 

time of toe mulhpath, it is possible to prevent a detoy waw fP cctram ««nniumcanon receiver shown mHO 10 acSfri 

Oft* X? ba f? n,itted by * ba *> ^ IndpS™ « m « to *• embodiment of the p^inv^ntion 
gated through the multipath from overlapping with merit* . At step SU, the despreader 8 despreads the Lsivrf 

signal next transmitted by another base kation. If the d£- signal by using the spreading code t^e^t I/™. 

delay hmes, as in the case of a radio LAN system, it will be peak havui 8 the greatest amplitude) as has b^A^w 
not necessary to provide the time sections TS. .45 previously. At this time, peaks p^^aITI" 1 

rrmmcaoon receiver used in the CDMA mobflecommum- &r m0 - RA ™ eombine process, andtiming mfomaafcn 

fn^- y rjJ^ 18 010 firet <^oodirnent of the preset *«* Peaks is applied to ZtaffifSS 

rCS 1 '^ ^' are the same as thrJshown 5 » »«*oated by a broken .rrowklSK? 

rtfJrt™^ to***** 1 . fi 8 ures «e given the same 50 S13 J * c ^8 regenerator 65 regenerates the tuning 

reference numbers. The receiver shown in FIG. 10 includes ^ f h f Oecn described previously. At step S14thf 

an antenna 61, an amplifier 62, a tiequency converter 63 a J***? 70 IeVel measuring unit M , measures thTreSve r«»« 

band brniter 64, a pilot channel recede unU 44 and a tntfic ° f ^ ^ ^tected by the ^paftdetecto? U 

T^ nTr^' 45 -. AtstepS15,me pam detector U Setec b tnat^ greatest 

™t? aot ^f^ 51 "O" « includes a receive level 55 » «rar«nitted by a base station other thaTmTbS 

m ^^8 a hand-over controller 19 and a timing identified. Thus, the handover conhoffa 

regenerator 65. The despreader 8 performs the despreadtof started 81 8te P S16 > and the thnSg regenerate? 6?st*£ t« 

of .h? J2? 7t e p . ath detector 11 dctec * the Paths ^ S1 ?' ^ L Step S17 - At this step, the tirntag infiWtiS 

of die received signal having respective delay times. The 60 c0 ^ enun g 106 peak detected a step SisT^STZ 
armng regenerator 65 regenerates a tuning signal indfcative ^ channel receive unit 45. '° ue 

ot the beginning of the pilot signal transmission interval t by ?*f despreaders 9 and 10 of the traffic channel rr^,v, 
o^?oi3lS? n^ ° f ^ ^ detoCtor U - 1*° °ani « de^pread the received signal bTSe 

over controller 19 performs the hand-over process bv nsiW ynSt> an offset time at step S2LPor en „k ^!T^ g ^ 

™w„ ^ « "generator 65. The recede level f 1 *^ Peak is detected by the path dctedTll 5 
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RAKE combiner^ combines dip" ad rc^iv^Sn^ p^f K ? T * * e UniU 2and 3,a5 shown in 

by me RAKE combine process. At stef S23, ST inforSfno^ ^ piQ 7 TE.? £ P0 "?? 0 '° ^ ^ S,rUcture shown 

demodulator 13 demodulates the RAKE-combined sianaL . ^ Ul8t me P Jo * transmission timing signal is 

Then, the deinterleaving process and the error-correction • °, y one or of we units 1, 2 and 3 to thereby 

coding process are successively carried out. intermittently transmit the pilot signal. 

According to the first embodiment of the present A description wffl now be given of a second embodiment 

invention, the following advantages can be obtained The present invention. 

output sagnal of the despreader 8 has the signals shown in „ FIG. 13 is a block diagram of a spread spectrum com- 

^f m ^„^Z^.^.f Up ^ ninp0Se ^ *i ^ P flot si ^l mumcauon receiver according to the second embodiment of 

ttansmisaon timing of the base station 21 to which the *e present invention. In FIG. 13, parts that areZa™ « 

SSsSS£SSE?--« iwawssssas? 

pflot dgnals. As a result, an increased number of sta^L in actual mobile commumcatton systems, a radio 

the samV frequency band caX^o^odaSTfa oT? 25 T P M? ed mroUgh 8 transmission P*» is affected by 
words, the ^LeTcapacity can toSSF* ^SS\Sft 'Ti^f **» 

The spreading code which has one neHrvl in th* . 15A 15 <^ show examples of the despread 

signal intorvafis^L dTespld ^Zln ^ ST* "Efi ^ ,ransmiHcd 
modulator 3 shown in FIG. 7. Alternatively it is possfckto" ZLf^fw,, 10 me mobllc station 25 belongs are 
use a spreading code that has a plummy of p^S tne 30 n^on^,' VCCt0r ? h * re ^ to P~k points 

pilot signal transmission interval x. Even m\niscas? Z nZZ^f^ T^f^ ° f *" correlation waveform 
same effects as those obtained when the spreadSTcode JofntntZ^ * d f™ odula 1 tln e process. A reference number 
having one period in the interval x can be obKlt isX ° rtho 8°nal axis and a reference number 102 

possible to use a spreading code having a p2X£?£n „ **" * ^ ^ 

the pilot signal transmission interval x. In this case, a part of 35 prn ka ! " , 

the spreading code is transmitted in the pilot signal trans- k « 1 ?? ow ? H 16 de ^ read out P ut signal which has not 
mission interval x. Even in this case, the same effects as ^ n effected by fadmg variation A vector 104 indicates the 
those obtained when the spreading code having one period ph ^f I"* 201 shown in FIG. 11A 

m the interval x can be obtained. 15B sh °ws the despread output signal which has been 

In the above description of the first embodiment of the 40 ofSK ££5 S °.'? a ' ,hc aniplitude and phase 
preKntmvenaon.mebasestononstran^tmepitotsfenaK »h.~^L - , ^ tUne " 71,6 amplitude and 
and the mobile stations receive men?Howev£ to Snr n^!°f; ^°^ S "« varicd *» to 106 state of the 
of the first embodiment of the presem^ntion Ta^Z ri™^ 2? HP 8bo ™ des P read output 

applied to a structure in which the mobUe stati^Uan^ 45 X 2 A reference ZffTn^- T^T •.""^ 
signals such as pflot signals and the base stations receive 45 and a ^^^^1^ fading wave, 

these signals. 800 * reference number 107 indicates a delayed wave. The 

The above description of the first embodiment of the ^^^Pbasesofboth ofthe waves 106 and 107 are 

EZZ^ZSZZ^fi?^ £S£ ^ f° l fr* * - station 21 is 

can be obtained even when a^erenf nuX of cdls ^ S ° SCirS^ f^T" ™T IT*"" ° f ,he 
used. p ir S1 gnal transmitted by the base station 21 without being 

When a small number of cells are provided, it is possible m^vL^I?* ^ 15A) t ak ° kn0WB for the 
to realize an arrangement in which, ESK5 mSc 2fi g J It 

and the mobile station located therebetween ^2 sS- 6 ° inte^SnU^an^^hv^^L^ ^ ^ * 

ciently attenuated pilot signals therefrom due to StS SfS/ 

propagation-based attenuation nme onsets Hence, the magnitudes of variations in the 



